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LOSAlamos National Laboratory
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As part of a joint effon of the U.S. Depmment of the Army and the U.S.
Department of Energy, we are searching for new energetic mattials to improve gun-
propel.lmt formulations. Theoretical calculations indicate that cutain types of high nitrogen
compounds prcduce lower avenge-molecular-weight gases than those with more carbon,
and low avemge-molecular-weight by-products contrbute to higher impetus. Thertfore, our
target compounds were chosen to ccntain only the elements C, H, N, and 0, with a high
percentage of nitrogen, & thennaUy stable acd mderately insensitive to impact. Gun
propel.lmts conla.in.ingRDX and the binder cellulose acetate butyratc (CAB) have proved
to be less sensitive than nitrocellulose/nitroglycenne (NC4PJG)based propellants to hot
fragmen~. 112 However, futther reduction in reaction to shock, pa.nicula.dy a milder
rm.tion to shaped-charge Jets, is desimble. Replacin$ part of the RDX with an energetic
material w-M a lower senm.ivity may reduce the reaction of the propellant to this stimulus.

Fol many years, he syn[hesis effoti of the Explosives Technology Group (M- 1) at
Los Alarros has centered a-round the preparation of new, energetic nitroheterocycles. We
have found that many amine salts of niuohetemcycles are thctmally stable and modemtely
insensitive to impact.3 To synthesize new materials with the desired propeties for gun
propel.la.ntformulations, scveral synthesis methods were studied and a variety of amine
salts of 5- nitrotettwole ( NT), 3,5-dinitro- 1,2,4-rnazole (DNTr), and 3-niun-l ,2,4-
ttiazol-5-onc (NTO)werc prrpared, The stmctures of the miens are shown below.

NT DNTr

NTO is an explosive cunent.ly under development at Las Alarms u well as the
NavaJ Surface Wa.rfa.mCenter and the Naval Wea ns Center. It is soluble in water, has
ERL Typ 12 drop-weight-impact sensitivity >2 E cm, is acidic (pKa = 3,67), and forms
stable salts with basic compounds.4 DNTr has a pK.aof -0.6, and its ammonium sa.lr
(ADNTr) was studied as an eutcctic with ammonium nitrate (AN’).5 NT, also a strong
aci~ was studied as Im.h the ammonium and ethylencdiam.monium salts in an eutcctic with
AN,6

Basically, all the salts were repared by mixing an aqueous solution of the mien
with an equivalent moiar mriount of the ccm-espondin buse or cation. The crude products

fwere obuuncd by either evnporution of the water in a ood or in a rot~ cvapotator, pure



salt compounds were obtained by rec~sta.llization of the nude material fmm water or
water/ethanol soluion.

An example of the type of chemical reaction employed in this program is that used
to prepare the diaminoguanidinium salt of NTO (DAGNTO) as shown below.

DAG DAGNTO

Certain chemical and physical propettics of the prepared salts were determined.
Also, thermal, impact, and spark sensitivities were measured. The thermal stability tests
were differential thermal malysis (D1 A), Henkin critical temperature, vacuum stability and
pyrolysis. The results of some of these tests on the new com unds are shown in Table I.

rData from RDX is also listed for comparison. h can be seer lat they are all less sensitive
to impact than RDX and the rherrnal stability of the salts are comparable to RDX. it is
conceivable that catastrophic events from hot span or metal jets into the propellant bed
might be avoided by using a formulation containing one of these less sensitive propellants.

TABLE I. EXPLOSIVE PROPERTIES OF SALTS

‘ RR%
AGNTO
DAGNTO
TAGNTO

H&
TAGNT
ADm
DAGDNTr
TAGDN’T’r
DA(3N
TAGN
RDX

44
48
52
52
55
58
60
58

Y)
48
56
59
5s
59
38

DTA
Exotherm
m

250
190
170
260
200
190
170
216
212
136
200
240
236
240
235
205

Impact
Sensitivity

No go
No go
92
No go
No 80

252
103
42
36
<15
58
34
31

;;
22

Spark
Sensitivity
&KllilJ

2.7
>1,0
>1.0
>1.0
>1,0
>1,0
>1.0

1,7
1,14

>0.75
0.86

>1,0
>1,0
>1,0
>1.0

0,2
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To estimate the performance of these new compounds as gun propellants , we
calculated the impetus and flame temperatures of these salts using the Blake thermodynamic
code furnished by the Ballistic Research Laboratory of the US Army (BRL). The heats of
fomation (AHf) of a new compound can be estimated from the Al-ifof similar known
compounds. But for best Rsults, the AHf of a compound is determined tiorn the measured
heat of combustion. The AHf of all the salts were calculated fkorn the heats of combusb~n
measured by burning the compounds in a Parr combustion Immb under 30 arm oxygen
pressure. High-nitrogen compunds often leave residues after burning Ixcause their
burning temperatures are low. Whenever necessary, a standard (such as benzoic acid) was
mixed with the sample to obtain a complete bum. The AHf of the sample was then
calculated after subtracting the heat of Ixnzoic acid from the measured gross heat of
combustion. To correct the heat of combustion from nitric acid formation, the bomb
washings were titrated with standard scdim carbonate (0.0453 M ) solution in all the runs.
Table LIincludes the formula and the AI-If,which are the data input in the Blake
calculations of the salts

TABLE il. BLAKE CALCULATIONS OF SALTS

I-INTO
GuNTO
AGNTO
DAGNTO
TAGNTO
ENT
GuNT
TAGNT
ADNTr
DAGDNTr
TAGDNTr
DAGN
TAGN
RDX

cfj~12Nlo~6
c2H5N50j
c2H6N@3
c3H7N/03
C3H8p~803
C3H9N903
C3Ji19NIO03
C4HION1204
C2H6N802
C2H9N I 102
QH.4N604
C3H8N1004
C3H9N1 ~04
CH8N603
CH9N703
C3H6.N606

-112*1 608
-66 i 4 642
-38 i 5 799
-71 k3 531
-43 i 2 630
-21 h2 708
+14i4 836
+56 k 3 960
+17*2 802
+9qcalc) 1113
0.6 t 2.0 1205
+35 k 5 1069
+59.8 * 0,2 1142
-47 980
-11.5(b) 1160
+14,7(b) 1386

Flame Temp.
m

1638
1706
1988
1489
lW
1768
1980
2332
2000
2531
3628
2675
2797
2253
2602
4Q60

(a)Solid couqmurds at 298 K
(b)Literature value

If the compounds p;epared were thermally stable and mmkrately insensitive to
imp~t, their syntheses were scaled up to a umuty large enough for fcnmulaaon with

$ERDX and a binder, such as CAB/ATEC/N c (see glossary),
After testing for compatibility of the inpdients in the new formulation, single -

perforated propellant grains were prepared and burned in a closed pressure vessel to study
the effect of the new compxxnt on the burning rate . The burning rate of the new
fomutlation was then compared to that of a similar fcnmulaaon without the new compound,
Thus far, the three compounds used in he new fotmuladons are ENT, ENTO, and ADNT.
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. GLOSSARY

ADNTr - ammonium salt O; 3,5-dinitro- 1,2,4-triazole
AGNTO - aminoguanidinium r,altof 3-nitr~ 1,2,4-tiazoI-5-one
ANT - ammonium salt of 5-nitrotetmzolc
ANTO - ammonium salt of 3-nicro-1,2,4-rnazol-5-one
ATEC - acctyl tricthylcitratc
CAB - cellulose acetate butyrate
DAGN - diamirquanidinium nitrate
DAGNTO - diammoguanidin.ium salt of 3-nitrO-l,2,4triazol-5-one
DAGDNTr - diaminoguan.idinium saltof 3,5-dinitre 1,2,4-uiazolc
EC - ethyl centtalitc
ENT - ethylenaiiammonium salt of 5-nitrotetrazole
ENTO - ethylenediammonium salt of 3-niuo- 1,2,4-rnazol-5-onc
GuNT - guanidinium saltof 5-nitrotewazole
GuNTO - guarddirdum salt of 3-nitr* 1,2,4-triazol-5 -one
HNTO - h dra.zudum sdt of 3-nitr&1,2,4-triazol-5-one

kNC -12,6 N Ntrocchdose
NTO - 3-nim 1,2,4-triaml-5-onc
RDX - hexahycb 1,3,5-bi.nitro-1,3,!Lrnazinc
TA(3DNTr - triamino~anidinium salt of 3,5dinitre 1,2,4-triazole
TAGN - uiaminoguarud.iniumnitric
TAGNT - trinminoguarddinium suit of 5-nitrotetrazole
TAGNTO- triamhmguanidiniumsuh of 3-nitro-1.2,4-triazd-5-one


